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(54) OPTICAL RECORDING MEDIUM AND ITS SUBSTRATE 



(57) An optical recording medium having a light 
absorption layer formed on a substrate having a spiral 
groove by means of the vacuum deposition and a reflec- 
tive layer formed on the light absorption layer, wherein: 

(1) the groove of the substrate has a groove section 
of which cross section is a trapezoidal; 

(2) a ratio of a groove width (W) to a track pitch (TP) 
(W/TR) of the substrate falls within a range of 0.25 
to 0.45; 

(3) a groove depth (D) is 20 to 80 % of (X/4n) 



(wherein X is a wavelength of a laser beam, and n is 
a refractive index of the substrate); and 

(4) angles <x1 and a2 formed by both side surfaces 
of the groove section and surfaces vertical to a 
groove bottom surface on cross lines between the 
both side surfaces of the groove section and the 
groove bottom surface are 45 to 80°, and a differ- 
ence between <x1 and <x2 (a1 - a2) is not more than 
±10°. 
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Description 

Technical Field 

5 [0001] The present invention relates to an optical recording medium, a substrate which is used for the production of 
the optical recording medium and a metal mold such as a stamper which is used for the production of the substrate. 

Background of the Invention 

10 [0002] In recent years, a compact disk (hereinafter, referred to as a CD) has been in common use, and accordingly a 
writing-once type optical disk (hereinafter, referred to as a CD-R) which meets the CD standard has been developed 
and used. The CD-R uses a disk-shaped transparent resin substrate having a spiral groove transferred by means of a 
stamper upon the time of forming. After the substrate is coated with an organic dye (or pigment) solution by a spin 
coater, a light absorption layer (or a recording layer) is formed by drying the solution, a reflective layer is formed on the 

is light absorption layer by for example sputtering gold, and a protective layer is formed by coating the reflection layer with 
an ultraviolet curable resin by a spin coater or the like followed by curing the resin. The CD-R is composed of the sub- 
strate, the light absorption layer, the reflection layer and the protective layer. The optical recording medium, in which the 
light absorption layer: is thus formed by coating the substrate with the organic dye solution is also referred to as a coat- 
ing type optical recording medium. 

20 [0003] Information is recorded on the CD-R in such a manner that pits corresponding to the information is formed in 
the optical recording medium in accordance with any combination of change in properties of the organic dye caused by 
irradiation of the light absorption layer with a laser beam having a wavelength of about 780 nm, decomposition and 
change in optical constants of the organic dye caused by such irradiation and deformation of the substrate due to heat 
generation at the time of the decomposition or the change in properties. Moreover, the recorded information is repro- 

25 duced by detecting a change in an amount of a light reflected from the pits. Such manners of recording/reproducing 
information on/from the optical recording medium is well-known. 

[0004] In the case where information is recorded on or reproduced from the CD-R by using a CD-R writer for record- 
ing/reproducing, or in the case where information is reproduced by using a CD player or a CD-ROM drive, the optical 
recording medium needs to a stable servo characteristic which allows a pick-up member to move promptly to a prede- 

30 termined position along a groove of the substrate. 

[0005] In order to stabilize the servo characteristic, it is important to improve particularly a tracking error (TE) signal 
and a radial contrast (RC) signal among various characteristics of the CD-R. Moreover, it is necessary to produce a 
high-quality reproduction signal at the time of the reproduction, and it is particularly important to obtain a stable output 
with less fluctuation. Factors which greatly influence these characteristics are as follows: as for the tracking error signal, 

35 a difference in level between a light absorption layer formed on a groove section formed on the substrate having the 
groove section and a light absorption layer formed on the inter-groove section (a portion of the substrate between the 
adjacent groove sections); as for the radial contrast, a width of the groove section on the substrate; and as for the fluc- 
tuation of the output signal, fluctuation in a thickness of the light absorption layer (particularly, fluctuation along a radial 
direction of the substrate). 

40 [0006] For the coating type CD-R, in order to ensure these properties, the following is performed. In order to form the 
light absorption layer on the substrate, a substrate of which groove is comparatively deep is used because when the 
substrate is coated with the organic dye solution, the solution is likely to preferentially fill the groove of the substrate. 
Since the groove depth is likely to be shallower along a direction from an inner periphery to an outer periphery of the 
substrate at the time of the substrate production, such a substrate having the deep groove is produced so as to sup- 

45 press such inclination (or slope) of the groove depth by adjusting substrate production conditions (for example, a tem- 
perature of a melted resin, temperature distribution of a metal mold and the like). 

[00071 In addition, since a thickness profile of the light absorption layer is inclined along a direction from an inner 
periphery to an outer periphery of the disk due to evaporation of the organic dye solution at the time of fabrication proc- 
ess of the light absorption layer of the optical recording medium by spin-coater, the light absorption layer is formed so 
so as to suppress the inclination of the thickness profile while precisely adjusting the conditions of the application of the 
organic dye solution (for example, adjustment of viscosity of the organic dye solution, control of rotation of a spin coater 
and the environmental conditions at the time of production), the conditions of drying the solution and the like, whereby 
ensuring a necessary quality level. 

[0008] In addition, in order to achieve a higher density than that of CD, a digital video disk (hereinafter, referred to as 
55 DVD) for a laser beam having a wavelength of about 650 nm has been developed and commercially sold recently Sim- 
ilarly to CD, this DVD is produced in the following manner: an optical recording layer, which has pits with a track pitch 
(TP) of 0.74 urn (about half of TP of CD (1.60 urn)) and with a shortest pit length of 0.40 urn, is provided on a resin sub- 
strate having a thickness of 0.6 mm by a stamper of a molding machine; a reflective film is provided on the optical 
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recording layer; and another resin substrate having a thickness of 0.6 mm is laminated thereon by using an adhesive 
such as an ultraviolet curable resin in order to ensure strength suitable for the disk. As to such DVD, it is also desired to 
develop an optical recording medium (optical disk) which is able to write once and realizes the high density similarly to 
the write-once type CD-R, namely DVD-R. 

s [0009] For such a write-once type high density optical recording medium, pits corresponding to the information has 
to be stably formed and good quality signals have to be obtained from the pits at the time of reproduction by using a 
substrate having a narrower groove with a small track pitch less than a half of the track pitch of the CD-R. For this, when 
the track pitch and groove width of the substrate become smaller, the inclination profile of the groove depth along the 
radial direction becomes more larger in the substrate having the deep groove used in the coating type optical recording 

10 medium. Moreover, since the groove width becomes narrower, the inclination of the thickness profile of the light absorp- 
tion layer becomes more larger. Due to the above, it is difficult to suitably ensure the aforementioned properties only by 
adjusting the substrate production conditions, the conditions of the application of the organic dye solution, the condi- 
tions of drying the solution and the like. 

15 DISCLOSURE OF THE INVENTION 

[001 0] Therefore, the present invention aims at obtaining a stable tracking error signal and/or a stable radial contrast 
over an entire optical recording medium, and/or obtaining a high-quality reproduction signal with less output fluctuation, 
namely, a purpose of the present invention is to provide an optical recording medium having improved properties such 
20 as the above. Further, another purpose of the present invention is to provide a write-once type optical recording medium 
which is adaptable to the higher density. 

[0011] The present invention provides an optical recording medium comprising a light absorption layer formed by 
means of vacuum deposition on a substrate having a spiral groove and a reflective layer formed on the light absorption 
layer, which medium is for recording information by irradiating the light absorption layer with a laser beam and repro- 
25 ducing the recorded information, characterized in that: 

(1) a groove of the substrate defines a groove section and an inter-groove section, 

the groove section is defined by a groove bottom surface and side surfaces on both sides of the groove bottom 
30 surface, and has a cross section of a substantially trapezoid shape which is vertical to a longitudinal direction 

of the groove section (or a cross section along a radial direction of the substrate) such that the section spreads 
out towards the light absorption layer, and 

the inter-groove section is defined by an inter-groove top surface and side surfaces on both sides of the inter- 
groove top surface (which serve also as the side surfaces which define the groove section) and has a cross 
35' section of a substantially trapezoid shape. vertical to a longitudinal direction of the inter-groove section (or a 

cross section along the radial direction of the substrate) such that the section gets narrow towards the light 
absorption layer; 

(2) a ratio (W7TP) of a groove width (W) to a track pitch (TP) of the substrate falls within a range of 0.25 to 0.45; 
40 (3) a groove depth (D) of the substrate is 20 to 80 % of (XlAn) (wherein X is a wavelength of a laser beam, and n is 

a refractive index of the substrate); and 

(4) angles a1 and a2 formed by the both side surfaces of the groove section and the surfaces vertical to the groove 
bottom surface on cross lines between the both side surfaces of the groove section and the groove bottom surface 
are respectively 45 to 80°, and a difference between a1 and o2 (i.e. a1 - a2) is not more than ±10°. 

45 

[0012] Such an optical recording medium can be used as a CD-R or a DVD-R, for example. 

[001 3] It is noted that as for various dimensions (or sizes) used in the specification, the description will be given with 
reference to Fig. 1 which shows a schematic sectional view along a radial direction of the substrate (a cross section ver- 
tical to the circular surface of the substrate) . 

so [0014] Fig. 1 is a cross sectional view along the radial direction of a portion of the substrate 10 of the optical recording 
medium according to the present invention, and in order to clarify meanings of the aforementioned various dimensions, 
Fig. 1 shows an enlarged view schematically. The substrate 10 has a spiral groove, and thereby has convex and con- 
cave sections on the surface of the substrate. The concave sections are the groove sections 1 2 and 1 2', and the convex 
sections are the inter-groove sections 1 4 and 1 4'. In the cross section as shown in Fig. 1 , the concave sections and the 

55 convex sections are adjacent to each other alternately. A light absorption layer (not shown) and a reflective layer (not 
shown) are formed on the substrate of the embodiment shown in Fig. 1 , and a laser beam is irradiated along a direction 
of the arrow A from the lower side of Fig. 1 upon recording/reproducing information. 

[0015] As is clear from Fig. 1, the inter-groove section 14 is a portion of the substrate which is defined by an inters . 
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groove top surface 16 and its both side surfaces 18 and 20'. Moreover, the groove section 12 is a space on a portion of 
the substrate which space is defined by a groove bottom surface 22 and its both side surfaces 18 and 20. As is under- 
standable, the cross section of the inter-groove section 14 along the radial direction of the substrate is defined by the 
inter-groove top surface 16, the side surfaces 18 and 20', and a broken line 28 which connects a cross line between the 

5 groove bottom surface 22 and the side surface 18 to a cross line between the groove bottom surface 22' and the side 
surface 20' (in the embodiment shown in Fig. i , the cross lines are shown by intersections 24 and 26'), and the cross 
section has a substantially trapezoidal shape such that it gets narrow towards the reflective layer. Moreover, the cross 
section of the groove section 12 along the radial direction of the substrate is defined by the groove bottom surface 22, 
the side surfaces 1 8 and 20, and a broken line 34 which connects a cross line between the inter-groove top surface 1 6 

10 and the side surface 1 8 to a cross line between the inter-groove top surface 1 6' and the side surface 20 (in the embod- 
iment shown in Fig. 1, the cross lines are shown by intersections 30 and 32), and the cross section has a substantially 
trapezoidal shape such that it spreads out towards the reflective layer. 

[0016] In the specification, as shown in the drawing, the groove width (W) of the substrate is a length which is defined 
by a distance W between the points (36 and 38) on the side surfaces 18 and 20 which divide the depth of the groove 
is section (D, corresponding to the height of the trapezoid). Moreover, the track pitch is a length which is defined by a dis- 
tance TP between an edge of the inter-groove top surface 1 6 of the inter-groove section 1 4 (represented by a point 30') 
and an edge of the inter-groove top surface 16' of the inter-groove section 14' adjacent to the inter-groove section 14 
(represented by a point 30). 

[001 7] The above-mentioned definitions of the dimensions are commonly used for defining a groove of a substrate for 

20 an optical recording medium. 

[0018] In addition, in the specification, the angle a1 is an angle between a surface 40 vertical to the groove bottom 
surface 22 at an edge 24 of the groove section. 12 and the side surface 18, and the angle a2 is an angle between a 
surface 42 vertical to the groove bottom surface 22 at an edge 26 of the groove section 12 and the side surface 20. 
[0019] The present invention provides a substrate in the form of a disk shape in which a spiral groove is formed on 

25 one side of the substrate, wherein: 

(a) a ratio of a groove width (W) to a track pitch (TP) of the substrate (VWTP) falls within a range of 0.25 to 0.45; 

(b) a groove depth (D) is 20 to 80 % of (a74n) (wherein A- is a wavelength pf a laser beam, and n is a refractive index 
of the substrate) ; and 

30 (c) angles (a1 and a2) formed by both side surfaces of a groove section and surfaces vertical to a groove bottom 
surface on cross lines between the both side surfaces of the groove section and the groove bottom surface are 
respectively 45 to 80°, and a difference between a1 and a2 (i.e. a1 - a2) is not more than ± 10°. Namely, the 
present invention provides a substrate and more specifically a substrate for a vacuum (vapor) deposition type opti- 
cal recording medium so as to obtain an optical recording medium having more improved qualities in which a 

35 groove has the above described dimensions (or shape). 

[0020] Furthermore, the present invention provides a metal mold and more specifically provides a stamper for forming 
the above substrate with using a resin. This metal mold can be used for molding and more specifically injection molding 
the resin for producing the substrate having the predetermined shapes as above described in (a) through (c). Such a 
40 metal mold can be produced by a usual stamper production method (namely, a method of producing a stamper to be 
used for forming the substrate of the conventional optical recording medium). More concretely, the metal mold can be 
produced by a fine fabrication process using laser processing combined with a photo-resist which process is used for 
producing a semiconductor element. 

[0021] The later description about the optical recording medium according to the present invention is also applicable 
45 to the substrate and the metal mold according to the present invention as long as no specific problem arises. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

50 

Fig. 1 is a cross sectional view taken vertically (namely vertically to a main surface of a substrate) along a radial 
direction of a substrate schematically illustrating a partially enlarged substrate in order to explain various dimen- 
sions in the description; and 

Fig. 2 is a cross sectional view taken vertically (namely, vertically to a main surface of an optical recording medium) 
55 along a radial direction of an optical recording medium schematically illustrating a partially enlarged optical record- 
ing medium of an embodiment according to the present invention. 

[0023] In the drawings, reference numerals represent the following elements: 
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10... substrate, 12 and 12'.. .groove section, 14 and 14'... inter-groove section, 16 and 16'... inter-groove top surface, 
18, 20 and 20'.. .side surface, 22.. .groove bottom surface, 24, 26 and 26'...crpss line (intersecting edge) between 
groove bottom surface, and side surface, 30, 30' and 32.. .cross line (or intersecting edge) between inter-groove top 
surface and side surface (or edge), 36 and 38...point or line which divides groove depth into two equal lengths, 40 
5 and 42. ..surface vertical to grooves bottom surface at edge of groove bottom surface, 50... substrate, 52.. .light 

absorption layer, 54... reflective layer, 56... adhesive layer, 58... substrate, 60.. .groove 

DETAILED DESCRIPTION OF THE INVENTION 

io [0024] In the present invention, the light absorption layer is formed by a vacuum (vapor) deposition method. According 
to this vacuum deposition method, an organic pigment material which is held in an evaporation container is heated 
under a high vacuum condition (for example, 1 x 10~ 3 torr or less, preferably 1 x 10~ 4 torr or less, for example 1 x 10" 5 
torr) so as to be evaporated (or sublimated, hereinafter referred to as evaporated). Thereafter, the evaporated pigment 
material is attached on, that is deposited on a substrate having the groove. In this method, since the organic pigment, 

is which has been evaporated in the evaporation container as an evaporation source, is deposited uniformly on the whole 
surface of the substrate including the groove sections and the inter-groove sections, the light absorption layer is easily 
formed on the whole surface of the substrate with a uniform thickness. This means that the surface shape of the light 
absorption layer on which the reflective layer is to be formed substantially corresponds to the uneven surface of the sub- 
strate or is close to the uneven surface. Namely, the surface shape (or geometry) of the light absorption layer easily is 

20 likely to become uneven substantially corresponding to the uneven surface of the substrate formed by the groove of the 
substrate (see a light absorption layer 52 and a groove 60 in Fig. 2). 

[0025] Therefore, a difference in level between the surface of the light absorption layer formed in the groove sections 
of the substrate and the surface of the light absorption layer formed on the inter-groove sections (see "d" in Fig. 2) is 
determined by the groove depth (D) of the substrate. For this reason, in the case where the light absorption layer is 

25 formed by the vacuum deposition method, a tracking error signal can be adjusted by controlling the groove depth of the 
substrate. As a result, in order to obtain a tracking error signal whose level is similar or equal to that of the coating type 
optical recording medium, a substrate having a shallower groove than that of the substrate used for the coating type 
optical recording medium can be used in the vacuum deposition method. Thereby, the aforementioned problem of the 
inclination of the groove depth profile with respect to the radial direction of the substrate, which arises when the sub- 

30 strate is produced, is suppressed greatly in the case where the light absorption layer is formed by the vacuum deposi- 
tion method. As described above, when the light absorption layer is formed by the vacuum deposition method, the 
thickness of the light absorption layer becomes uniform in the radial direction of the substrate, and even if the groove 
depth of the substrate is made shallower, the difference in level of the light absorption layers can be obtained. For this 
reason, changes in the properties over the whole surface of the substrate are small, namely, the stable properties can 

35 be obtained. 

[0026] In the optical recording medium of the present invention which is obtained by forming the light absorption layer 
on the substrate according to the vacuum deposition method (hereinafter, referred to also as a deposition type optical 
recording medium), it is preferable that the ratio of the groove width (W) to TP of the substrate falls within a range of 
6.25 to 0.45. When the ratio becomes smaller than 0.25, a ratio of the groove section to a spot diameter of a laser beam 

40 becomes smaller, and an amount of a light reflected from the inter-groove sections is controlling so that the tracking 
error signal becomes weak. Moreover, when the ratio becomes larger than 0.45, a difference in the reflected light 
amount between from the groove section and from the inter-groove sections becomes smaller, and thereby radial con- 
trast becomes smaller. Therefore, when the ratio deviates from the above W/TP range, the properties of the optical 
recording medium are deteriorated. 

45 [0027] In addition, in the optical recording medium of the present invention, it is preferable that the groove depth (D) 
falls within a range of 20 % to 80 % of (A/4n). When the groove depth becomes smaller than the range, the tracking error 
signal becomes weak. When the groove depth becomes larger than 80 %, reflectance becomes low. Therefore, the 
properties of the optical recording medium are deteriorated. 

[0028] In the formation of the light absorption layer according to the vacuum deposition method, if foreign matters exist 
so on the substrate, or if a portion of the uneven surface of the substrate is abruptly inclined in a surface along the radial 
direction (namely, a circular main surface composing the substrate) molecules of the evaporated organic pigment mate- 
rial collide against the foreign matters or the portion which is abruptly inclined. As a result, the molecules cannot deposit 
the rear side of the foreign matters or such a portion (for example, a corner of the groove section of the substrate (in the 
vicinity of a cross line between the side surface and the groove bottom surface)) (herein, this is called as a shadow or 
55 a blind effect). Namely, the foreign matters or the portion which is abruptly inclined interferes deposition (or accumula- 
tion) of the evaporated pigment molecules, and the evaporated pigment molecules hardly deposit the rear side of the 
foreign matters or such a portion. As a result, the thickness of the light absorption layer on the rear side is apt to become 
thin partially. On the contrary, the organic pigment which has been evaporated or sublimated from an evaporation 
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source is likely to be deposited comparatively uniformly on a portion where the foreign matters do not exist or a portion 
which is gently inclined. 

[0029] In addition, as for the groove of the substrate, the groove width, the groove depth and the uneven state of the 
substrate surface including the inclination of the side surface of the groove are not always constant due to difference of 
5 the groove shape of the stamper lot at the time of production of the stamper, fluctuation in the conditions of the substrate 
molding and the like. 

[0030] As a result from the above, irregularity in the thickness can occur on the light absorption layer which has been 
deposited on the surface of the substrate, in the vicinity of the corners of the groove along the groove of the substrate. 
With respect to the irregularity of the thickness of the light absorption layer, the following has been found: when <x1 and 
10 a2 are smaller than 45°, the influence of the aforementioned blind effect becomes great; and accordingly, the irregular- 
ity of the thickness of the light absorption layer becomes larger around the edges (or corners) of the groove sections 
and the fluctuation of the reproduction signal become large, and thus they substantially exert a bad influence on the 
quality of the optical recording medium. 

[0031 ] in addition, when a1 and <x2 are larger than 80°. a ratio of the inter-groove sections of the substrate to the spot 
is diameter of the laser beam becomes smaller, and an amount of the reflected light from the groove sections is control- 
ling. As a result, it has been found that the tracking error signal becomes weak, and the irregularity of the thickness sub- 
stantially exerts a bad influence on the quality of the optical recording medium. 

[0032] Therefore; it is preferable that the angles a1 and a2 between the side surfaces of the groove section and the 
surfaces vertical to the groove bottom surface on the cross lines between the side surfaces of the groove section and 
20 the groove bottom surface of the substrate which is used for the deposition type optical recording medium (in Fig. 1 , the 
angle between a vertical line at an intersection for example a point 24, i.e., a line 40 and a side surface 18) respectively 
fall within a range of 45 to 80°. 

[0033] The case where degree of the inclination of the both side surfaces of the groove section of the substrate is 
different will be considered. In the coating type optical recording medium, the light absorption layer is formed with most 
25 of the organic pigment being into the groove section. Due to this reason, change in properties and decomposition of the 
pigment due to irradiation of a laser, and deformation of the substrate due to the heat generated upon the decomposi- 
. tion occur on the groove sections, and a recording (information) pit string (or sequence) is formed in the groove sec- 
tions. 

[0034] On the contrary, in the deposition type optical recording medium, since the thickness of the light absorption 
30 layer is substantially uniform in the groove sections arid on the groove sections, when inclination extents of the both side 
surfaces of the groove sections of the substrate are changed, the spot of the laser beam always leans towards one side 
surface in the groove sections. Therefore, the laser beam is liable to track mostly said one side surface of the groove 
sections. 

[0035] In addition, the state of the groove fluctuates variously as mentioned above, and particularly the pit string after 
35 recording is formed which string includes largely one side surface of the groove and staggers right and left due to the 
influence of the fluctuation including particularly the state of the side surface of the groove and the. like. When a ratio of 
the side surfaces of the groove which the pit string includes is changed in such a manner as described above, the defor- 
mation state of the substrate due to the decomposition heat of the organic pigment is changed. As a result, the record- 
ing pit length is liable to change. Moreover, since the recording pits are formed with staggering right and left, an amount 
40 of the reflected light from the recording pit is liable to change at the time of reproduction. Therefore, the difference in the 
inclination of the side surfaces influences the quality of the optical recording medium. 

[0036] With respect to the above, when a difference between a1 and a2 is larger than ± 10°, this influence appears 
remarkably, and fluctuation of a reproduced output signal becomes larger. As a result, there arises a problem about the 
quality of the optical recording medium. On the contrary, if has been found that when the difference is not more than ± 

45 10°, there does not substantially arise the problem about the quality of the optical recording medium. Therefore, it is 
preferable that the difference between the angles a1 and a2 formed by the groove side surfaces and the surfaces ver- 
tical to the groove bottom surface (or vertical lines) on the crossing sections (or intersections) between the side surfaces 
of the groove section and the groove bottom surface of the substrate used for the deposition type optical recording 
medium is not more than ±10°. 

so [0037] The present invention is most characteristic in the groove shape of the substrate which constitutes the optical 
recording medium, and as for the other elements which constitute the optical recording medium, the publicly known 
techniques related to the deposition type optical recording medium can be applied. These techniques are disclosed, for 
example, in Japanese Patent Application Laid-Open Nos. 54-164627 (1979), 62-216795 (1987), 4-178934 (1992), 9- 
7237 (1997), 9-11619 (1997), 9-81958 (1997), and 10-11798 (1998). The disclosures of these publications constitute 

55 a portion of the present description by the references to the publications as long as they do not adversely affect of the 
present invention. The following will describe the other elements constituting the optical recording medium of the 
present invention which are preferably combined with the aforementioned groove shape of the substrate in order to 
practice the present invention. 
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[0038] In the optical recording medium of the present invention, it is preferable that the light absorption layer is com- 
posed of the organic pigment, an evaporation (or sublimation) starting temperature of the organic pigment falls within a 
range of 100 to 350 °C, and a difference between the evaporation (or sublimation) starting temperature and a decom- 
position temperature of the organic pigment falls within a range of 50 to 400 °C. 

5 [0039] It is noted that the evaporation (or sublimation) starting temperature refers to a temperature of an evaporation 
source of the organic pigment when the organic pigment is heated under a vacuum of not more than 1 x 10" 5 Torr and 
a quartz (or crystal) -oscillation-type film thickness indicator shows a value of 0.1 nm/sec. More concretely, the evapo- 
ration (or sublimation) starting temperature of the pigment material refers to a temperature of an evaporation container 
(a temperature of the portion of the evaporation container which portion is in contact with the pigment material charged 

10 in the evaporation vessel, i.e., a temperature at which the pigment material is heated) at which temperature a recording 
film formation speed just exceeds 1 (A/sec) when the evaporation container is gradually heated while measuring the 
film formation speed by means of an evaporation rate monitor of the quartz-oscillator type (an apparatus for measuring 
a thickness of the film formed on the substrate, manufactured by Nippon Shinkuu Gijutsu Co., Ltd., trade name: CRTM- 
5000), the temperature being measured by a thermocouple embedded in the evaporation vessel upon forming the 

is recording film by the deposition of the pigment material on the substrate (which is made of a polycarbonate and which 
is at a temperature of 50 °C or less) for the optical recording medium, the substrate being located 30 cm above the 
evaporation container (for example, a boat form container made of molybdenum) when the pigment material is charged 
into the evaporation container and evaporated by heating the evaporation container in a chamber maintained at a vac- 
uum degree of 1 x 1 0" 4 Torr or less. Moreover, the decomposition starting temperature of the pigment material refers to 

20 a heat generating temperature of the differential thermal analysis of the pigment material. 

[0040] As a material which is suitable for the light absorption layer of the optical recording medium on which informa- 
tion is recorded by means of irradiation with a laser, an inorganic or organic (based) pigment can be used. Since the 
property changing temperature and the decomposition temperature of the inorganic pigment are high, and a laser 
power to be used for recording is limited when used as the CD-R or the like, a sufficient pit cannot be formed. On the 

25 contrary, as for the organic pigment, the recording power is suitable, and thus it is preferable that the organic pigment 
is used for the light absorption layer of the optical recording medium. 

[0041] When the evaporation (or sublimation) starting temperature of the organic pigment is lower than 100 °C, reli- 
ability cannot be ensured due to the influence of the environment during the transportation and the storage of the optical 
recording medium (a temperature of about 50 °C). Moreover, when the evaporation starting temperature is higher than 
30 350 °C, the decomposition temperature becomes relatively high. For this reason, the laser power becomes stronger at 
the time of recording and the like, namely, the properties for the optical recording medium are deteriorated. Therefore, 
it is preferable that the evaporation (or sublimation) starting temperature of the organic pigment to be used for the dep- 
osition type optical recording medium falls within a range of 100 to 350 °C. 

[0042] When the difference between the evaporation (or sublimation) starting temperature and the decomposition 
35 temperature of the organic pigment is smaller than 50 °C, it is impossible to form the light absorption layer having a uni- 
form quality because of the following. When the light absorption layer is formed on the substrate by the deposition 
method with an increased evaporation rate by setting the temperature of the evaporation source to be 20 to 30 °C higher 
than the evaporation starting temperature, or when the temperature of the evaporation source is scattered, the organic 
pigment starts to decompose in the evaporation vessel, or bumping of the organic pigment occurs due to the decompo- 
40 sition. 

[0043] Further, when the difference between the evaporation (or sublimation) starting temperature and the decompo- 
sition temperature is larger than 400 °C, the decomposition temperature of the organic pigment becomes relatively high, 
and thus the laser power for recording becomes stronger and the like. As a result, the properties of the optical recording 
medium are deteriorated. Therefore, it is preferable that the difference between the evaporation or sublimation starting 
45 temperature and the decomposition temperature of the organic pigment to be used for the deposition type optical 
recording medium falls within a range of 50 to 400 °C. 

[0044] In the optical recording medium of the present invention, the reflective layer may be formed by a material which 
is generally used for the optical recording medium. For example, aluminum, silver or an alloy mainly containing them 
may be used. As the reflective film, a material whose light reflectance is high is suitable. In the CD-R, gold is used as 
so the reflective layer, but when a wavelength becomes shorter than 650 nm, the reflectance of the gold is lowered 
abruptly. On the contrary, as for aluminum, silver or alloy mainly containing them, the reflectance thereof is high and the 
change in the reflectance above a wavelength of 400 nm is small. Therefore, the optical recording medium, in which the 
. reflective layer is formed by using aluminum, silver or the alloy mainly containing them, can be adapted to the higher 
density as in DVD-R. 

55 [0045] In the optical recording medium of the present invention, a protective layer may be formed over the recording 
layer, or another substrate may be provided over the recording layer via an adhesive. Further, a printing layer including 
predetermined necessary matters may be formed on the protective layer or on another substrate. 
[0046] The optical recording medium according to embodiment of the present invention will be further described with 



BNSDOCID: <EP. 



0911B20A1J_> 



EP0 911 820 A1 



reference to Fig. 2. 

[0047] Fig. 2 is an enlarged cross sectional view schematically showing a portion of the optical recording medium of 
the present invention (the cross sectional view along a surface including the diameter of the substrate). A spiral groove 
60 is provided in one surface of a substrate 50 made of a transparent resin such as a polycarbonate. A light absorption 
5 layer 52, which is formed by means of the vacuum deposition of the organic pigment, and a reflective layer 54, which is 
made of silver or the like are provided in this order on the surface of the substrate 50 on which surface the groove is 
provided. A substrate 58 made of a polycarbonate is adhered onto the reflective layer 54 via an adhesive layer 56, which 
is made of an ultraviolet curable resin or the like. 

[0048] As the substrates 50 and 58, an acrylic resin, an epoxy resin, a polyolef in and the like can be used as long as 

10 they have the similar properties to those of the polycarbonate. Further, as for the substrate 58, another material can be 
used as long as it does not deteriorate mechanical properties as the optical recording-medium. 
[0049] As for the groove 60 provided in the substrate 50, it is preferable that a groove width (W)/ a track pitch (TP) 
falls within a range of 0.25 to 0.45, and more preferably within a range of 0.30 to 0.40. It is preferable that the groove 
depth (D) falls within a range of 20 to 80 % of (A74n) wherein X is a wavelength of a laser and n is a refractive index of 

is the substrate, and more preferably within a range of 30 to 60 %. It is preferable that angles a1 and a2 formed by the 
groove side surfaces and the vertical lines from the intersections between the both side surfaces of the groove and the 
groove bottom surface fall within a range of 45 to 80°, more preferably within a range of 55 to 75°, and preferably in par- 
ticular within a range of 65 to 75°. Moreover, it is preferable that the difference between a1 and a2 is not more than ± 
1 0°, more preferably not more than ± 5°, and preferably in particular not more than ±3°. 

20 [0050] As the light absorption layer 52, any organic pigment as long as it is able to be deposited. Examples of such 
an organic pigment are a porphine based pigment such as a phthalocyanine based pigment, a naphthalocyanine based 
pirgment and a porphyrin based pigment, a merocyanine based pigment, a quinone based pigment, an azo based pig- 
ment, a cation based pigment, an indophenol based pigment, a metal complex pigment and the like. In particular, the 
porphines, the merocyanine based and the azo based pigments are preferable. 

25 [0051 ] It is preferable that the evaporation (or sublimation) starting temperature of the organic pigment falls within a 
range of 1 00 to 350 °C, and more preferably within a range of 1 50 to 300 °C. Moreover, it is preferable that the difference 
between the evaporation (or sublimation) starting temperature and the decomposition temperature of the organic pig- 
ment falls within a range of 50 to 400 °C, and more preferably within a range of 1 00 to 350 °C. 
[0052] It is preferable that a thickness of the light absorption layer 52 falls within a range of 20 to 400 nm and more 

30 preferably within a range of 40 nm to 300 nm when the reflectance and a degree of modulation are taken into consid- 
eration. It is noted that the aforementioned organic pigments may be used alone, or they may be mixed with each other 
or laminated with each other so as to form the light absorption layer, or they may be mixed or laminated with other 
organic pigments so as to form the light absorption layer 52. Moreover, it is noted that other material may be mixed or 
laminated as long as it does not deteriorate the properties of the optical recording medium or greatly reduce the effects 

35 of the present invention. 

[0053] Gold can be used as the reflective layer 54 in the CD-R because its reflectance is high and it has excellent 
durability against environment such as humidity and the like. However, when pin holes or coating non -uniformity of the 
end portion to be an exposed surface of the optical recording medium such as. a protective layer (in the case of the CD- 
R) or an adhesive layer (in the case of a write-once high density optical recording medium such as DVD) is suppressed 

40 so that the durability against the humidity and the like is improved, a material which is other than gold and has high 
reflectance can be also used. For example, materials such as aluminum, silver, copper, platinum, chromium, nickel, tita- 
nium and an alloy mainly containing them, which do not deteriorate the properties of the optical recording medium, can 
be deposited by means of the sputtering, the vacuum deposition or the like so as to be used as the reflective layer. Par- 
ticularly, aluminum, silver and the alloy mainly containing them are suitable for the optical recording medium which is 

45 adapted to the higher density. 

[0054] Furthermore, an oxide and a nitride of the above mentioned metals may be used as long as they do not dete- 
riorate the properties of the optical recording medium, and an oxide and a nitride of a material other than aluminum and 
silver may be contained in the reflective layer containing aluminum or silver. Moreover, the reflective layers may be lam- 
inated like a laminate of a dielectric as long as such lamination does not deteriorate the properties of the optical record- 

so ing medium. It is preferable that a thickness of the reflective layer 3 falls within a range of 30 to 200 nm and more 
preferably within a range of 50 to 100 nm when its reflectance and cost are taken into consideration. 
[0055] The adhesive layer 56 is formed by an adhesive made of a macromolecuiar material such as an ultraviolet cur- 
able resin. 

55 Industrial Applicability of the invention 

[0056] According to the optical recording medium of the present invention for recording/reproducing information by 
irradiating the light absorption layer with a laser, in which the light absorption layer deposited on the substrate having 
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the spiral groove and the reflective layer thereon are formed, since the groove has the specific shape, the more stable 
properties are obtained over the whole surface of the disk, thereby providing the write-once optical recording medium 
which is adapted to the higher density. 

5 EXAMPLES 

[0057] The following will describe some examples of the present invention as well as some comparative examples. 
Example 1 

10 . 

[0058] A substrate was used which had a diameter of 120 mm and a thickness of 0.6 mm, which is provided with a 
spiral groove (a groove width W, a groove depth D and a track pitch TP are respectively 0.27 jim, 5.1 nm and 0.74 ^m, 
and a1 and a2 are 67° respectively) on its one surface and was made of a polycarbonate. W/fP was 0.36, a wavelength 
X of a laser was 639 nm and a refractive index n of the substrate is 1.55, and thus the groove depth D was 49 % of 
is (X74n). 

[0059] 5, 10, 15, 20-tetraphenylporphyrin vanadium as an organic pigment was deposited on the substrate so that a 
light absorption layer having a thickness of 160 nm was formed. An evaporation starting temperature of this pigment 
was 190 P C, and a difference between the evaporation starting temperature and a decomposition temperature was 260 
°C. Silver was sputtered so that a reflective layer having a thickness of 1 00 nm was formed on the light absorption layer, 
20 a substrate having a thickness of 0.6 mm and made of a polycarbonate was laminated on the reflective layer by means 
of an ultraviolet curable acrylate resin so that the optical recording medium of the present invention (DVD-R) was pro- 
duced. 

Example 2 

25 

[0060] The optical recording medium of the present invention was produced in the same manner as in Example 1 
except that 5, 1 0, 1 5, 20-tetraphenyiporphyrin zinc was used as the organic pigment and the light absorption layer hav- 
ing a thickness of 151 nm was formed on the substrate by means of the vacuum deposition. The evaporation starting 
temperature of this pigment was 1 90 °C, and the difference thereof from the decomposition temperature was 240 °C. 

30 

Example 3 

[0061] A substrate, in which a groove width, a groove depth and TP were respectively 0.29 \im, 60 nm and 0.74 pm, 
and cc1 and a2 were respectively 70° and 71 °, and thus a1 - a2 was -i°, was used. 5, 10, 15, 20-tetrakis (4-methoxy- 
35 phenyl) porphyrin cobalt as the organic pigment was deposited on the substrate so that a light absorption layer having 
a thickness of 1 53 nm was formed. The evaporation starting temperature of this pigment was 200 °C, and the difference 
thereof from the decomposition temperature was 240 °C. The optical recording medium of the present invention was 
produced in the same manner as in Example 1 as to the other conditions. A groove width/TP was 0.39, and a groove 
depth was 58 % of (X/4n). 

40 

Example 4 

[0062] A substrate, in which a groove width, a groove depth and TP were respectively 0.25 (xm, 38 nm and 0.74 juim, 
and a1 and a2 were respectively 66° and 68°, and a1 - a2 was -2°, was used. Aluminum was sputtered so that a reflec- 
ts tive layer having a thickness of 1 00 nm was formed, and a disk was produced in the same manner as in Example 3 as 
to the other conditions. The groove width/TP was 0.34, and the groove depth was 37 % of {X/4n). 

Example 5 

so [0063] A substrate having a diameter of 1 20 mm and a thickness of 1 .2 mm, which was provided with a spiral groove 
(a groove width, a groove depth and TP were respectively 0.51 jam, 43 nm and 1 .69 jim, and cc1 and a2 were both 67°) 
on its one surface and made of a polycarbonate, was used. A mixed pigment of 5, 1 0, 1 5, 20-tetrakis (4-methoxypheny!) 
porphyrin cobalt and tin dichloro phthalocyanine in the ratio of 1 :1 was deposited as an organic pigment on the sub- 
strate so that a light absorption layer having a thickness of 1 35 nm was formed thereon. The evaporation starting tem- 

55 perature of the tin dichloro phthalocyanine was 250 °C, and the difference thereof from the decomposition temperature 
was 320 °C. Silver was sputtered so that a reflective layer having a thickness of 100 nm was formed on the optical 
recording layer, and an ultraviolet curable acrylate resjn was applied by a spin coater and cured so that an optical disk 
(CD-R) was produced. The groove width/TP was 0.32, and a wavelength X of a laser was 788 nm, a refractive index n 
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of the substrate was 1 .55, and thus the groove depth was 34 % of (A/4n). 

Example 6 

5 [0064] A substrate made of polycarbonate, in which a groove width, a groove depth and TP were respectively 0.64 
urn, 50 nm and 1 .60 urn, and cc1 and a2 are respectively 68° and 66°, and a1 - a2 is 2°, was used so that a disk was 
produced in the same manner as in Example 5. The groove width/TP was 0.40, and the groove depth was 39 % of 
(A/4n). 

[0065] Moreover, disks of Comparative Examples 1 through 4 were produced in order to compare them with those of 
10 Examples 1 through 6. 

Comparative Example 1 

[0066] A substrate, in which a groove width, a groove depth and TP were respectively 0.25 jim, 51 nm and 0.74 jam, 
is and a1 and a2 were respectively 27° and 25°, and a1-a2 was 2°, was used so that a disk was produced in the same 
. manner as in Example 1 . The groove width/TP was 0.34, and the groove depth was 49 % of (?74n). 

Comparative Example 2 

20 [0067] A substrate, in which a groove width, a groove depth and TP were respectively 0.36 jim, 59 nm and 0,74 pm, 
and a1 and <x2 were 23°, was . used so that a disk was produced in the same manner as in Example 3. The groove 
width/TP was 0.49, and the groove depth was 57 % of (A/4n). 

Comparative Example 3 

25 

[0068] A substrate, in which a groove width, a groove depth and TP were respectively 0.29 fxm, 1 7 nm and 0.74 ^m, 
and al and o2 were respectively 68° and 67°, and al -a2 is 1 °, was used so that a disk was produced in the same man- 
ner as in Example 3. The groove width/TP was 0.39, and the groove depth was 16 % of (A/4n). 

30 Comparative Example 4 

[0069] A substrate, in which a groove width, a groove depth and TP were respectively 0.64 nm, 49 nm and 1 .60 jjm, 
and a1 and a2 were respectively 69° and 82°, and <x1-a2 is -13°, was used so that a disk was produced in the same 
manner as in Example 6. The groove width/TP was 0.40, and the groove depth was 39 % of (A/4n). 

35 [0070] The optical recording media (disks) produced in the above Examples and Comparative Examples were eval- 
uated. When the disk of which TP was 0.74 pm, was evaluated, an optical disk evaluation apparatus manufactured by 
Pulstec Industrial Co., Ltd (DDU-1000) in which a wavelength of a laser beam was 639 nm, was used, and when the 
disk of which TP was 1.60 urn was evaluated, a CD-R tester manufactured by Pulstec Industrial Co., Ltd. in which a 
wavelength of a laser beam was 788 nm, was used, so that tracking error signals (TE) and radial contrast signals (RC) 

40 in an inner arid an outer peripheries of the disks were measured. Moreover, changes in output signals when information 
was recorded and reproduced in the disks were observed by using these apparatuses, and the evaluation was made in 
such a manner that a disk which exhibited small output changes was represented by (O), and a disk which exhibited 
great output changes, namely, which was hardly used as the optical recording medium was represented by (a). 
[0071] It is noted that the radial contrast was obtained according to (an amount of a reflected light from the inter- 

45 groove sections - an amount of a reflected light from the groove section) x 2 / (the amount of the ref leced light from the 
inter-groove sections + the amount of the reflected light from the groove section). The measured results are shown in 
the following Table 1 : 



50 
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Table 1 





X(nm) 


TE(mV) 


RC(%) 


Output Change 






Inner Periphery 


Outer Periphery 


Inner Periphery 


Outer Periphery 




Example 1 


639 


171 


167 


5 


5 


O 


Example 2 


160 


162 


5 


.5 


O 


Example 3 


181 


179 


5 


5 


O 


Example 4 


165 


165 


5 


5 


O 


Example 5 


788 


476 


470 


12 


11 


O 


Example 6 


548 


545 


14 


14 


O 


Comp. Example 1 


639 


168 


166 


5 


5 


A 


Comp. Example 2 


185 


184 


0.5 


0.5 


o 


Comp. Example 3 


63 


60 


2 


2 


o 


Comp. Example 4 


788 


545 


540 


10 


10 


A 



[0072] As is clear from Table 1 , it is understood that the property change is stably small in the inner and the outer 
peripheries of the optical recording media of the present invention, and therefore, that the present invention provides 
25 the write-once optical recording medium which exhibits stable properties and is adapted to the higher density. 

Claims 

1 . An optical recording medium comprising a light. absorption layer formed by means of vacuum deposition on a sub- 
30 strate having a spiral groove and a reflective layer formed on the light absorption layer, which medium is for record- 
ing information by irradiating the light absorption layer with a laser beam and reproducing the recorded information, 
characterized in that: 

(1) a groove of the substrate defines a groove section and an inter-groove section, 

35 

the groove section is defined by a groove bottom surface and side surfaces on both sides of the groove 
bottom surface, and has a cross section of a substantially trapezoid shape which is vertical to a longitudi- 
nal direction of the groove section (or a cross section along a radial direction of the substrate) such that 
the section spreads out towards the light absorption layer, and 
40 the inter-groove section is defined by an inter-groove top surface and side surfaces on both sides of the 

inter-groove top surface (which serve also as the side surfaces which define the groove section) and has 
a cross section of a substantially trapezoid shape vertical to a longitudinal direction of the inter-groove sec- 
tion (or a cross section along the radial direction of the substrate) such that the section gets narrow 
towards the light absorption layer; 

45 

(2) a ratio (W/TP) of a groove width ( W) to a track pitch (TP) of the substrate falls within a range of 0.25 to 0.45; 

(3) a groove depth (D) of the substrate is 20 to 80 % of (A/4n) (wherein X is a wavelength of a laser beam, and 
n is a refractive index of the substrate); and 

(4) angles a1 and a2 formed by the both side surfaces of the groove section and the surfaces vertical to the 
so groove bottom surface on cross lines between the both side surfaces of the groove section and the groove bot- 
tom surface are respectively 45 to 80°, and a difference between a1 and <x2 (i.e. a1 - a2) is not more than ± 
10°. 

2. The optical recording medium according to claim 1 , wherein the light absorption layer contains an organic pigment 
55 of which evaporation starting temperature is 100 to 350 °C, and of which difference between the evaporation start- 
ing temperature and a decomposition temperature is 50 to 400 °C. 

3. The optical recording medium according to claim 1 or 2, wherein the reflective layer contains aluminum, silver or an 
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alloy mainly containing them. 

4. The optical recording medium according to claim 1, 2 or 3, wherein the optical recording medium is a CD-R or a 
DVD-R. 

5 

5. A substrate in the form of a disk shape in which a spiral groove is formed on one side of the substrate, wherein: 

(a) a ratio of a groove width (W) to a track pitch (TP) of the substrate (W/TP) falls within a range of 0.25 to 0.45; 

(b) a groove depth (D) is 20 to 80 % of (A/4n) (wherein X is a wavelength of a laser beam, and n is a refractive 
io index of the substrate); and 

(c) angles (a1 and a2) formed by both side surfaces of a groove section and surfaces vertical to a groove bot- 
tom surface on cross lines between the both side surfaces of the groove section and the groove bottom surface 
are respectively 45 to 80°, and a difference between <x1 and a2 (i.e. a1 - a2) is not more than + 10°. 

15 6. The substrate according to claim 5, wherein the optical recording medium is of a vacuum deposition type. 

7, A stamper for forming the substrate according to claim 5 or 6 from a resin. 
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